of developing a quantum field theory expansion about soliton solutions to classical, nonlinear field equations. Their method follows the usual canonical quantization and expresses the quantum mechanical problem as a power series in a coupling constant g .
In contrast with the ordinary Dyson-Wick expansion, the leading term in their expansion 2 is of order 1/g and is the W. K. B. approximation to the classical solution that they are attempting to quantize. They have applied the method to soluble one-dimensional field theories where its use appears quite straightforward and economical.
In the coming year Professor Christ intends to continue this work on soliton solutions, principally searching for more realistic classical solutions, perhaps approximating to some extent the properties of hadrons. In addition, he hopes to develop further the non-abelian theory of magnetic monopoles described earlier, studying the quantization of the theory with only vector particles and examining classical solutions to the field equations.
Research Report
Professor Gerald Feinberg 1. Research from summer 1974 to the present: a) Further work on the decay of muonic atoms as a test of neutral current interactions. A second paper was written with M. Y. Chen, discussing the effects of hyperfine structure on the various asymmetries that might be observed in the 2Si -ISi + ly 2 2 decay In light muonic atoms. It is shown that because of these effects it should be possible to measure both the nuclear spin-dependent and nuclear spin-independent parity-violating nucleon-muon interactions.
b) A paper has been submitted for publication on the radiative decay modes of the recently discovered ty mesons. It is suggested In this paper that for the 4* (3. 1 GeV), such radiative decays may be the dominant decay mode.
c) A paper is in preparation with J. Sucher on the description of polarizability in quantum field theory. This work is relevant to energy levels of muons and other "exotic" atoms. investigations of the properties of the pomeron will continue, and he is attempting to understand the properties of multiparticle production processes that follow from some simple ideas about the pomeron.
Another topic which Professor Finkelstein has studied is the behavior of production processes at large values of transverse momenta. In collaboration with Professor !<. Kajantie he has, in an article published in Nuclear Physics, proposed a scaling law for the distribution function of a large-transverse-momentum particle produced in association with several charged low-momentum particles.
Professor Finkelstein has also been attempting to understand the properties of have proposed that in addition to the usual radiative and Auger processes, the Inelastic transfer of interna! energy of the negative 'mesic' particle to the translation of the heavy particles may be a significant process. This was borne out in detailed calculations, and the dependence of the cascade rate on the energy and on the mass of the negative particle has been determined. It seems that the proposed inelastic process is more significant and dominates the cascade for the heavier negative particles.
Research Report Associate Professor Richard Friedberg
Professor Friedberg has been working in the following areas: a) He has written, in collaboration with J.M. Luttinger, a paper describing a "large hole" result ("Density of Electronic Energy Levels in Disordered Systems"). The behavior of the density of electronic energy levels for a simple model of a disordered system is studied in the limit of very low energies. By reformulating the problem as one in Brownian motion, it proves possible to obtain the leading term and the first correction to it. The leading term is just the one already conjectured by E. M. Lifshitz.
Professors Friedberg and Luttinger are now working on a refinement of the method that ought to overcome special difficulties arising in the application to a one-dimensional system. b) Professor Friedberg (with D. Paul of the Engineering School) has written a paper on the coercive field for grain boundaries in anisotropic magnetic materials. By considering the variation of magnetic state through the domain wall, they find an approximate formula for coercive field that matches the order of magnitude of observed values over a very wide range. In particular, they show that the very high coercive field observed in certain highly anisotropic cobalt alloys may be the natural consequence of the narrowness of the domain wall, but that this does not require an abandonment of the "continuous" approach.
c) Professor Friedberg, together with Dr. R. Rosen, has studied the stability of a monochromatic wave passing through a medium with nonresonant losses and a pumped resonant line whose Inhomogeneous width is much larger than the Rabi frequency.
They found the well-known steady-state to be unstable against pulsing, under even wider conditions than others have found for a narrow line. They are now looking for steady-state solutions for the case where the field is not monochromatic but noisy and broadened, with a view to investigating their stability as well.
In the year ahead, Dr. In the year to come, Dr. Guth and Dr. Soper intend to continue the general line of research which they have begun. They are planning to extend the work in two directions.
First, they hope to extend the results beyond the ladder approximation. This approximation is apparently reasonable for a large class of theories (i.e., field theories which have an ultraviolet stable fixed point of the renormalization group at a non-zero value of the coupling constant), but they would like to determine how significant the corrections to this approxmation are likely to be. They would also like to extend the calculations to other types of theories for which the approximation is invalid (i.e., gauge theories and, in particular, asymptotically free theories).
Secondly, they intend to use these results concerning the Bethe-Salpeter wave function to derive results concerning quantities which are at least in principle measurable. They will start by analyzing the electromagnetic form factor of mesons, and will then look at meson-meson scattering.
Eventually, It is hoped that this general line of study will lead to a method by which one could extract from a given field theory the high energy behavior of processes involving bound states.
Research Report
Dr. Joel Kopiik Dr. Kopiik has been engaged on the following research projects:
1) Multiperiphera! mode! of direct muon production (with G.Chu, LBL Berkeley):
The production of direct lepton pairs in hadron collisions was proposed a few years ago as a test of parton models, but has proved an embarrassment in that detailed numerical calculations badly disagree with experiment. Stimulated by this discrepancy, and the fact that multiperipheral models are moderately successful in describing ordinary hadronic production, they have constructed a simple pion-exchange model for the direct lepton cross section. After adjusting the parameters of the model to agree with pion inclusive data, they find rather good numerical agreement with the available lepton data. In addition, they have made predictions for future experiments and derived some potentially useful theoretical cross section formulae, including a simple scaling law.
2) Regge theory and hadron-nucleus scattering (with A. Mueller):
They have studied the consequences of the short-range correlation description of high energy hadronic interactions for hadron-nucleus scattering. Their main interest is to understand the following experimental facts within this framework: approximately "geometric" total cross sections, (relatively) low multiplicities of produced particles, and the existence of fast secondaries. Since a nucleus can be a large object on the normal hadronic length scale (the pion Compton wavelength) it has proven useful to examine both hadronic and nuclear scattering in space-time as well as in momentum space. The space-time description does lead to a qualitative understanding of the phenomena, and they are presently using momentum space methods to obtain more precise results.
In the year to come, Dr. Kopiik plans to do the following:
1) Attempt to understand particle production processes in Reggeon field theory, with emphasis on the consequences of the latter at available energies and the relevance of asymptotic results. More generally, unitarity constraints on models of particle production in strong interactions.
2) Study high-transverse-momentum phenomena by attempting to extrapolate what is
known about general features of low-transverse-momentum dynamics (e.g., space-time structure).
3) Study consistency of the properties of <1>, <1>' , and other new particles with earlier beliefs and models (once better data is available). The existence of the abnormal nuclear states is not sensitive to the details of the 0+ resonance. It only requires that there should be some 0+ resonance with strong interactions. From direct measurements of TITT phase shifts, one knows that there is at least one broad 0+ resonance at about 700 MeV. In the literature, there Is also detailed analysis of nuclear forces which suggests the coupling of the 0+ resonance must be quite strong, comparable to that of the p-meson. In order to produce the abnormal nuclear state, one must have, over a fairly large volume (linear dimension about or -12 greater than 10 cm), the nuclear density exceeding a certain critical value. If one takes the mass and the coupling constant of the 0+ resonance to be those given in the literature, then the critical density Is about two times that in the norma! nucleus.
To reach such a high density over a large volume, the most effective way is to collide two heavy nuclei at high energy, say uranium on uranium at about 2 to 1 GeV per nucleon. The energy must be sufficiently high, at least in the few hundred MeV per nucleon range, so that the two nuclei can merge with a substantial increase in density.
Yet, the collision energy must not be too high, not more than a few GeV per nucleon, so that the 940 MeV change in the nucleon rest mass can play an important dynamical role in the formation of the abnormal nuclear state. This energy range falls well within the capability of the proposed heavy ion accelerator at Berkeley. It is hoped that these experiments will be performed in the future. In the years to come, Professor Lee expects to continue working on basic problems In particle physics. These shouid include all the areas mentioned above, plus whatever new discoveries we may uncover in the near future. iii) The simplest way to avoid the multiple counting of states which occurs in Glaubertype expansions is to use an on-shell coordinate space formalism which they have studied
In some detail.
At the moment, Drs. Mueller and Kopiik are looking at charge exchange reactions and in more detail at the differences between proton-proton and proton-nucleus reactions. It is expected that further work with this model, and the writing of a paper to describe it, will occupy Professor Serber for some time to come.
Research Report Assistant Professor Erick Weinberg
Professor Weinberg wili take up his appointment at Columbia as of July 1st.
During the coming year he plans to continue working in his present field of interest, the use of semi-classical approximations in quantum field theory. Recently many have speculated that these methods may be useful in understanding composite states in quantum field theory; ultimately they may lead to a realistic description of the hadrons. In particular, he .intends to work on the following problems:
1) In attempting to do perturbation theory about a classical solution in field theory one commonly encounters apparent infrared divergences arising from the existence of a family of classical solutions which differ only by spatial translation. Several methods have been suggested for eliminating this divergence, but he finds none completely satisfying.
2) One of the more interesting theories to have been studied is the sine-Gordon, which
Is exactly soluble at the classical level and which appears to remain a "perfect" system even at the quantum level. An interesting question is to what extent it is possible to modify such "perfect" theories and yet still use the special properties of the "perfect" system to develop a perturbative treatment.
3) Most research in this field has been oriented toward showing the existence of composite states. Professor Weinberg would like to investigate the interactions between such composite objects, using the semi-classical methods.
Research Report
Professor Gian Carlo Wick Professor Wick's work since his last report has been, in a certain sense, a continuation of the research connected with "Abonormal States of Nuclear Matter".
The latter work was started by Professors Lee and Wick, originally as an investigation into the stability of abnormal states of the vacuum. The first paper on this subject left certain questions unsolved; one of them was the evaluation of "surface energy terms".
In order to study this question, it seemed most simple to study a one-dimensional situation, that is, one in which the basic scalar field depends only on one cartesian coordinate. The problem then becomes very similar to the various one-dimensional "soliton" models that have been studied by a number of authors.
Professor Wick spent a certain amount of time familiarizing himself with the "classical" results on solitons, and he has obtained some results that as far as he knows were not common knowledge. As an example, he showed that all the "conserved currents" of the "sine-Gordon" field equation that have been obtained by the "Infinitesimal Bdcklund transformation" method are trivial, in the sense that the time component, or density, of each of these currents is a space derivative. The corresponding conserved quantity is, therefore, nothing more than a surface term, dependent merely on the number of solitons. He was able, however, to modify the Backlund transformation method in such a way as to obtain for it a non-trivial conserved quantity, which is the infinitesimal generator of a one-parameter group of transformations having some similarity to the Bdcklund transformation. The relation of this integral of the motion to the integrals obtained by Faddeev and others by the inverse scattering method is being studied. The possible application of such an integral to the quantization problem is also being Investigated, together with a different method based on the study of Green's functions.
The Green's function method has been applied to soliton problems by Jacklw and Goldstone with modest success. In Professor Wick's opinion, their method should be modified at the very beginning. He is, however, still involved in sorting out the self-consistency conditions of the system of relations between the successive Green's function. He believes that if this problem can be solved, it may yield an important method in the study of extended objects in non-linear field theories.
